We analyze the outburst experienced by the September ε-Perseid meteor shower on 9
INTRODUCTION
The September ε-Perseid (SPE) meteoroid stream gives rise to an annual display of meteors from about September 7 to September 23, peaking around September 12 (Jenniskens 2006 ). This minor shower was first observed by Denning (1882) , and is currently included in the IAU list of meteor showers with code 208 SPE. No systematic analysis of this shower was performed during the early to mid twentieth century, and the first reliable data about this stream were analyzed in Hoffmeister (1948) Only two outbursts of SPE meteor activity have been reported. The first of these was unexpected and took place on 9 September 2008, with an activity consisting mostly of bright meteors (Jenniskens et al. 2008; Rendtel and Molau 2010) . This outburst was not favourable for observers in Europe. So, despite our systems were monitoring the night sky, we could not record this activity increase. The second SPE outburst occurred on 9 September 2013. It took place between 21h30m and 23h20m UT and was confirmed in Jenniskens (2013) . On the basis of the results obtained from the analysis of the 2008 outburst, and by assuming that SPE meteoroids were produced by a long-period comet that ejected these particles before the year 1800 AD, Jenniskens (2013) inferred that this dust trail should encounter Earth on 9 September 2013 at 22h15m UT. This is in good agreement with the circumstances of the 2013 SPE outburst. However, the parent comet of this stream has not been identified yet. Accurate orbital data obtained from the analysis of SPE meteors could help to find the likely parent of the September ε- Optimal weather conditions over most of the Iberian Peninsula during the first half of
September 2013 allowed us to analyze the meteor activity produced by the SPE stream.
In this work we focus on the analysis of the 2013 SPE outburst. From our recordings we have obtained orbital information about meteoroids belonging to this poorly known stream. The tensile strength of these particles is also estimated. Besides, two emission spectra produced by SPE meteors are also analyzed. These are, to our knowledge, the first SPE spectra discussed in the scientific literature.
INSTRUMENTATION AND DATA REDUCTION TECHNIQUES
The meteor observing stations that were involved in the monitoring of the September ε-Perseid outburst analyzed here are listed in interlaced video imagery at 25 fps with a resolution of 720x576 pixels. More details about these devices and the way they are operated are given, for instance, in (Madiedo 2014 ). In order to obtain the atmospheric trajectory of the meteors and the heliocentric orbit of the progenitor meteoroids we have employed the AMALTHEA software (Madiedo et al. 2013a,b) , which follows the methods described in Ceplecha (1987) .
To record meteor emission we have attached holographic diffraction gratings (with 500 or 1000 lines/mm, depending on the device) to the objective lens of some of the above- 
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In 2013 our meteor observing stations observed activity from the September ε-Perseids from September 1 to September 12. On 9 September 2013, at about 21h35m UT, our CCD video devices registered a marked increase in meteor activity associated with this stream, including some fireballs. A careful checking of these data confirmed the SPE outburst between around 21h35m UT on September 9 and 0h 20m UT on September 10, in good agreement with the circumstances described in Jenniskens (2013) . From the analysis of the multi-station events recorded from sites listed in Table 1 we have obtained the atmospheric trajectory of these meteors. However, we just took into consideration those trails for which the convergence angle was above 20 degrees. This parameter, which is usually employed to measure the quality of the results, is the angle between the two planes delimited by the observing sites and the meteor atmospheric path (Ceplecha 1987) . A total of 60 SPE meteors satisfied this condition. These events are listed in Table 2 , which shows the absolute peak magnitude (M), the initial (preatmospheric) photometric mass of the progenitor meteoroid (m p ), the initial (H b )
and final (H e ) heights of the meteor, the right ascension (α g ) and declination (δ g ) of the geocentric radiant (J2000.0), and the preatmospheric (V ∞ ) and geocentric (V g )
velocities.
To identify each meteor, we have employed a code with the format DDYYEE, where DD is the day of the month (which ranges between 01 and 12 for the meteors analyzed here), and YY corresponds to the last two digits of the recording year.
The two digits EE are employed to number meteors recorded during the same night, so that 00 is assigned to the first meteor imaged, 01 to the second one and so on. The averaged value for the observed initial (preatmospheric) velocity was V ∞ = 65.9 ± 0.2 km s -1
. The photometric mass of the parent meteoroids ranged between 0.01 to 16 g (Table 2 ). The orbital parameters derived for the meteoroids that gave rise to these meteor events are listed in Table 3 .
DISCUSSION
Parent body
The averaged orbital data calculated by taking into account a total of N = 60 SPE orbits are shown in Table 3 . This table also includes the average orbit of meteors observed during the outburst (N=28 meteors). As can be noticed, the difference between both averaged orbits is not significant. With these parameters we have obtained that the value of the Tisserand parameter with respect to Jupiter yields T J = -0.65 ± 0.44. This agrees Figure 1 ). The slope of this line is 2.38 ± 0.70. According to this result, the increase of the beginning height with meteoroid mass is less important for the September ε-Perseids than for the Leonids (a = 9.9 ± 1.5), the Perseids (a = 7.9 ± 1.3), the Taurids (a = 6.6 ± 2.2), and the Orionids (a = 5.02 ± 0.65) (Koten et al. 2004 ). But more pronounced than for the ρ-Geminids (a = 1.1 ± 0.5), which are produced by tough cometary meteoroids (Madiedo 2015) , and the Geminids 
Meteoroid strength
The tensile strength of meteoroids ablating in the atmosphere can be estimated by analyzing the flares exhibited by the corresponding meteors. According to this approach, these flares take place as a consequence of the sudden break-up of the meteoroid when the aerodynamic pressure overcomes the strength of the particle (Trigo- 
Rodríguez & Llorca 2006). However, SPE events listed in
where ρ atm and v are the atmospheric density and meteor velocity at a given height, respectively. In this work we have calculated the air density by employing the NRLMSISE-00 atmosphere model (Picone et al. 2002) . From the analysis of the atmospheric trajectory calculated for meteors in Table 2 we have obtained a maximum aerodynamic pressure of (2.9 ± 0.3) ·10 
Emission spectra
The video spectrographs operated at stations 1 to 6 in Table 1 recorded a total of 8 SPE emission spectra during the outburst recorded on September 9-10. Unfortunately 6 of these were too dim to be analyzed, but the other two had enough quality to provide information about the chemical nature of these meteoroids. These spectra were produced by meteors labelled as SPE091327 and SPE091331 in Table 2 , respectively.
They have been analyzed with the CHIMET software (Madiedo et al. 2013c ), which first deinterlaces the video files containing these signals. Then, the software performs a dark-frame subtraction, and each video frame is flat-fielded. Next, the calibration in wavelength is achieved by identifying emission lines typically found in meteor spectra. .
CONCLUSIONS
We have analyzed the meteor activity associated with the September ε-Perseid 2) The orbital data calculated from the analysis of our double-station meteors support the idea that SPE meteoroids are associated with a long period comet. However, no parent body could be identified among the objects currently included in the Minor Planet Center database. From this we conclude that the progenitor comet of this meteoroid stream is not yet catalogued.
3) The tensile strength of these meteoroids has been constrained. According to our calculations, the maximum aerodynamic pressure suffered by SPE meteoroids is higher than the tensile strength found for Quadrantid and Perseid meteoroids.
4)
We have recorded 8 emission spectra produced by SPE meteors during the outburst recorded on September 9-10. Two of these had enough quality to be analyzed, and these suggest a chondritic nature for SPE meteoroids. Table 3 . Orbital data (J2000) for the September ε-Perseid meteors listed in Table 2, averaged orbit for N = 60 SPE meteors and averaged orbit for meteors recorded during the outburst (N=28). ), of the Na I-1, Mg I-2 and Fe I-15 multiplets for chondritic meteoroids (Borovička et al., 2005) . Crosses: experimental relative intensities obtained for the SPE091327 and SPE091331 spectra.
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